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NOVEL IMMUNOMODULATORY COMPWWTO, 
WITH CSA IN SUPPRESSION OF GRAFT- VERSUS- 
TON AND ALLOGENEIC SKIN GRAFT REJECTION 
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Tcpoxalin, o dual 5-lipoxygenasc and cyclooxygen- 
ase inhibitor with nonsteroidal onUinflanraaatory «lj 
focla, has recently been shown to mpprae NFkB 
transaction and inhibit T cell proliferation via a 
mechanism very different from cycloserine (GsA). lu 
litis rami*, wo demonstrate that this novel iinmurio- 
suppressive effect of tcpoxalin is manifested m in vwo 
transplantation models. Tcpoxalin suppressed murine 
spleen cell proliferation in a mixed lymphocyte reac- 
tion (MMl) with an 10 M of X.3 uM, Coadministration of 
tcpoxalin and ChX in MLR cultures showed an addi- 
tive inhibitory effect. Oral administration of lepoxalin 
at 12 mg/kg/day to mice suppressed local graft-versus- 
K«t (GVTO responses by about 40% (n=10). Combina- 
tion of tcpoxalin and CsA at .suboptiraal dosefl syner- 
Uiieil their Immunosuppressive effects on uvn. 
responses (n»20). In skin *"^l*»£t^* ^S"^™ 
survival time of allogeneic KAUl/cByJ < H 2 *> 
<M\n grafted onto C3H/HeJ (H-2 k ) in tee was 10.5 days 
(n=6), find was prolonged to 15.0 clays (n=8) for recip- 
ient mice administered tepoxalin nt SO mg/kg/day. Co- 
administration or suboptimal doses of tepoxalin. (12.5 
rarfktfday) and CsA (50 rog/hg/day) prolonged skin 
Kraft rejections dramatically (55% of the grafts sur- 
vived for wore than 40 days, n=B). Taken together, 
these results demonstrate that tepoxalin is a potent 
immunomodulatory compound that, when combined 
with CsA, provides synergistic immunosuppressive ac- 
tivity. The fact that Upoxnlin and CsA act on different 
transcription factors, NFkB and NFAT respectively, 
might explain the synergi«tic Muppiessive effects 
when both compounds were used. Tepoxalm could be 
an important addition to the cohort of immunosup- 
preflsivc therapies currently used in solid organ ana- 
hone morrow transplantations. 

Ilio immune response in transplantation, which results in 
waft rejection and graft-veraua-host (GVH)* response, is pri- 
marily triggered by T cells through recognition of alloanti- 
i'ei-j (1-4) Suppression of immune response could be 
achieved using agents interfering with T cell activation and 
«.rfcrtor functions. The use of cycloserine (CsA) as an immu- 
nosuppressant in transplantation has boon documented (5, 
fi'j C>A inhibits T cell activation by inhibiting the. nuclear 
translocation of the nuclear factor NFAT (7, 8). However 
CsA has mwociatcd toxicities and side efforts when used at 

1 \tUlr* :r, cmr(*poT»l«nce to IV. Wui-Pmg Vane-Lemur. The R - W - 
Johnsm Pharmaceutical Bewurrh Institute. 3033 General Ataman 
Court, Suite 100, San Diif«o, California 92121.. 

* Atl.r-vi»Ur.ns: CsA, cyclosporin.:; CO, cycliw.-cyccn.ise; GVH, 
wfi-v^u^-host: 1.0. 5-limw«nasc; M.Lll, mi«d lymphocyte re- 



thempeutic doses (9). Compounds that suppress T ccU-rae- 
diatcd immune response with mechanisms different from 
that of CsA will undoubtedly be valuable additions to u»> 
cohort of the current regiments. 

Tcpoxalin (G .[4-chlorophonyl]-N-hydroxy-t4 -mcthoxyphc- 
nyll-N-methyl-l-H-pyrazole-3-propanamide) was discovered 
originally as a dual inhibitor of 5-lipoxygenaso (LO) and 
eyclooxygenaso (CO) and exhibits potent nonsteroidal antiin- 
flammatory activities in animal models of adjuvant arthritis 
(W~12) Recently wc found that tcpoxalin also inhibits 
OKTiMnduced T cell proliferation via a mechanism very dif- 
ferent from that of CsA (13). CsA is known to block IL-2 
production after activation of T colls through TCB/CD3, 
vncreas tepoxalin inhibits 11^2 induced signal transduction 
(7,5) An in-dfpth investigation of the mechanism of action 
reveals that tcpoxalin inhibits predominantly NF«B activa- 
tion (I f), whw-as CsA is most effective in blocking NI'Al 
transactivttlion (7, 8). Because of these different mechanism 
of actions, a possible ndditive/synergistic effect of the com- 
bined tcpoxalin and CsA treatment is expected. In this re- 
port, vvc demonstrate that tcpoxalin is indeed eff«t«ve in 
suppressing mixed lymphocyte reactions (MLK), GVH re- 
sponses, and allogoncic skin graft rejections in mice. The 
synergistic ciTect of tcpoxalin and CrA in immunosuppres- 
sion wns also studied. The possible mechanism of tepoxalin in 
immunosuppression and its potential clinical application are 
discussed. 



MATERIALS AND METHODS 

Mice. Inbred CS7BL/&J, CSIMrcJ, and BAl.B/cllyJ mice and 
B6DSF,/J mice were obtained from the JackMin Laboratory (Bar 
Harbor, ME). Those used ia experiments were male mice at about 
6-10 weeks of age that weired 18-25 ga. 

Pnrpftror/oii of lest compounds. TepoxaUn, naproxen, and nku Ion 
wore aynlhcaiied by the R-W. Johnson H\»rmas«uucal heseur* 
TntUtuto (Rarltan, NJ). CsA (Sandimmune i.v.) was from Sand« 
(Qvebte, Canada). For MI.R ex^rimcnts, stock F.oluLions of tejo«a- 
lin aapwan. and vJkuton were prepared in DMSO at 30 mM and 
diluted Lo working coticeotrHUons in cultow medium at the time of 
experiments. DMSO at concentrations equivalent to those of tho test 
compounds were u^ed an controls in M LR aasayii. For cspcrimw tn of 
GVH responses and akin jraft reactions, auctoniwd l«t*rtnv* 
naproxen were suspended in 0.B« methykelluloHu teifiina. at hou. J. 
MO) at concentrations or E mg/ml or lower, lho vehicle control 
the eo.uiv.lunl volume of 0.5% niL-Ll.ylccllulose. Zileutoa was d..v 
solved in 50% polyethylene glycol 200 (Rifpna. Sv. Louis. MO). a ; ul 
the coimponding vehicle control was the equivalent volume of po-j- 
ethylH.ne glycol 200. CpA was dilated in saline. All eompeund* wc-ro 
dissolved ir , vehiel. just prior to adninlrtraUon to mm at volumes of 
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u-^ft, P rdif,rutlon o***y*. Single-cnll ^^pcnfl tons from 
Ju wore UhoH- onca with PBS and then > OT cnd«d m 
Eli wed** supplement wilh 6tt 

rsTHtyuJ mi^c (H-^ woro ttiiiiubtod Vy 2.5x10" irradiated (2000 
2 ^ cl from MTOF./J mice U .-'-M. Tkc render »* 

(round bottom wells, CorronR Inc., NY), aim .r ^ 
•lUhyttidinc wo« added to the cato-ru- (0 5 ^ }, h J 

Fl'tt* harvested using ■ Tumtoc Itnw^Ur 96 MAC! ■ n 

J 80S Delate odntniuHon counter (l^mmaa, "W^^dcnJ. 

SoWn rolls from mice were prepared m M Ml 1010 mc 

5L supplemented with G« fetal bovine serum ^J*" 
raJ1 t*thVnol. Spleen cells (3X10W11 woro nnmu hied with rouno 

vcmVle DMSO in 96-wfU culture P W» (Cotmnij Inc., NY). 1 hcMTT 

whirl. i< ta.scd on the conversion of n telrawmim M U by viable cells 
into a deniable blue forma*** . 

w ,,v. injwtod Mtaitaneowly into ft* footpad, of BbDM t « in v*. 
Each cilp.ui injected with 8x10 s sploen «jUh in 50 pi. Seven 
dL Uur the d«ini niJ popliteal lymph nodrt were yomoved, 
Sr^J of fc t «nd W«he.l Mic. vnjc tal in th, ybj 
wrrr. and as native controls, l.^nph nodw of these m«« w « 
uidriUnp-lohftM- from Ui«o i^o- ^A «iUi synfienow spleen cell.v. 

.a, ^.itti^ orally ,nd CsA «»• 0i«.t utoU- 
•Jly to mice daily one dny bKorc foo^.d ,tv*««n «»1<^ 

wc-i. K.,) A eraWn 8 bod (al-ut 0JJ cmxl cm) on Ihc muum tail 
VmnZi topcoBiic ortekln .nntfully to avoid M^mff. T*.l ^.n oT 

ove, the rraft site in >m opposile orientation ac^rd.ns lo the hair 
• w . V th .)ir,eiic.u. The p«fted skin was protoded Uy a plastic ti.b.ng 
(dlimoler 0.5 em. 3 cm) l.Md in pW by ^ ^ 5 

d „, Skin rrrnfUM were examined nnd mart* daily. A graft wis scoicd 
a» UiiV wjeded when more thnn 80% of the p»ft was necroUc. C«A 
van B i«.t Bohculnnwuily to mice *% B u«U.. fi one dny before >k>n 
tr SiSpfcr to. w.,1 until rejection „r Rraft.. Topo.nlin waa e^ven orally 
one day before trannplontation and then deily Htarting one. day sfUr 
twiispL-uitotion until Rrufl rejection. 

/lura p«««te*ie« and itofi"** Dntn were nwly«d us»b E on«- 
tailed nunneU', tests. A ponneolric vcwinn u*cd if dota «rc 
nnrn.Hlly dMrihotrf M by Ae WUk.Slwp.ro t«L Data 

v'aich did not meet the assumption of ..ormnUy were U !S ied u sl n C 
a no«i>orun»etrie verston of tin* Duiinotl's test. 

RKSUI.TS 

Inhibition Of MLR pronations ^P^ nl ^ c J^K 
rei *,t*l i-Kftt tcpoxdin •upprosi.es T cell P~Wcr«hon and 
inhibits the activity of the transcription rnctar Nl« kU (13 U). 
T cell nctivaUon und proliferation «uc mticnl for the mitia- 
tion of an anUeen specific imntune rftspoiwe. lhe. trw 
ticn fnciof NPkB i? also known to be involved m rcgutalinc 
the wpraasion of many tar«*t 6 ene« in an immure response 
<W 17) The possible immunosuppressive effect of tcpoxdiin 
W w thcrrfo™ studied. To determine whether tepoxalm w 
cabbie of iuhibitinc Hie immtmc response against 
cenu tcposalin at various concentrations was tested in Mi Nh 
prolif.-.r.-vtion assays. The nsay was sot up by stimulating 



C57WV6J (H-2 b ) mouse ^leen cells with 5 "^eJ 

Loxt.1 in inhibited cell proliferation in a do.^-depender. 

with nn IC S0 of 1.3 Th. i^itory eflbet t» no 
related to cell toxicity. Tepox»lin at eoncentr«Uon« « 2o 
or lc 69 did not affect the viability of -^Ifntnc, 
mou» spleen cells a aer 24 hr of treatment (Tabic : 1). Snec 
Upexnlin i. a dual CO/LO inhibitor (10). U»e pes«ble lmk of 
i Suppression of ML.lt proliferation to its m « blfa » °^C) 
and/or LO was studied. To address this question, the well- 
known CO inhibitor naproxen and th. LO inhibitor 7ileu tea 
SreUrtod in parallel at dAStt 10-fold higher ton tbenr IC,, 
for suppression of CO or LO Ln mice respectively Nether of 
these compounds, nor the combination of both of tl.em. had 
an inhibitory effect on MLU proliferation (Fig. 1). 

To further understand tbe mechamfim of action of i Usp« a 
H„ the kinetics of tepoxslin in inhibiting MLU proliferauon 
was compared to that of the known immunosuppressant 
Ca/V. As shown in Table 2, the inhibitory effect was rot 
diminished *hen tepoxalin was added 24-72 hr after Lie 
initiation of MLU. In contrast, CsA was effective only if 
added at the beginning of the cocultures. J o <\t on* nnc 
whether tepoxalin and CsA were synergistic in wlabifang 
MLR proliferation, the two agents were tested in combina- 
tion. Tepoanlin at 0.5 „M. 1 ,M or 2 
combination with varying concentrations of CsA ttV»W 
alonn inhibited the responae in a dose-related manner *ith 
an lC f0 of 22 nM. Tepoxalin alono inhibited proliferation by 
26% at 0.5 pM. by 55% at 1 , Jl. and by 87% at 2 pHL When 
Upoxalin and CsA wero present at subopUina j «o«ecnti a- 
on" the inhibition was clearly additive. This add-t.vo eff.c 
was less rignhlcant at concentrations of the Uo drugs that 
were strongly inhibitory on their own. , MmuP0 . 

Supprc^ion ofGVtl responses by tcpomlm The immuno 
suppressive oflect of tepoxalin as demonstrated in MT,K as- 
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FtCURB 1. Inhibition of MLR proliferations by U.po^Un. Spleen eej. 
1 1 ZsiBUU mice w.r* eocullureA in triplteite wriU ^ '"^ 
S apl^n coIIk from B6DW t /J ^V.ce d«.cnbcd m Met« ^ 

n* P ro*en + rilo^ton were added to the cuto at the '^"^ 
ufture. 'IMhymidine uptake was moo.ur ed on d-y ^ C-iro 
culiurco contained DMSO diluted in a mannw s.m.h.r U ihut or the 

U P t^ of •B-thymldin. in vehicle 
90,000 cpm. Perccntu-a of control responses are ^calc. uud as pe, 
tonlages of (c P m of treated culturc^cpm of vehicle controls). 
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TAni.B 1, Tho effective closes of tcpoxalin in imiou no suppression is 

not toxic lo ccllit™ 
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T-Gpaxftlin (/iM) 

ion 

50 

12.5 
6.25 
3.12 
1.56 



Cell viability* 
». - »* ».#«> 

52,0% 

76.4% 

103.0% 
115.5% 

136.5a 



*? VialrtiiLy of anfci-CD3 stimulated C57BL/aT *p1*en cells treated 
with tepoxalin f«r 2^ hr was tested in the MTT viability away. 

* Ci»ll viability is prewnt^d a* the percentage of viable cells in 
tcposiaUn treated smnple compared with that ti\*atpd wUh an equiv- 
alent amount oftK<! vehirle, DM30. 

Tabu*: 2. [nhihitory effect of lopoxalin nnd CsA on MLR prolifera- 
tions {% control respond)" 
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dittcnbcri in Material* and Malltodi. Tho MLR proliferations treated 
with compounds were compared with their vehicle controls. a H- 
tiiymidim: uptake hy proliferating cells in MhU assays was me a* 
suied. Percentages of control responses are calculated as perccnt- 
a;;en of (cpm of tn*3ted culturea/cprn of vehicle controls. 



&aya guggegta its potential use as an immunosuppressant in 
clinical therapy. This possible application was verified with 
in vivo marine models of transplantation, A local GVII re- 
sponse was performed by injecting spleen cells from the pa- 
rental C57B[VCJ (H-2 h ) mice into the fooLpnds of B6D2F1/J 
QI-2 VJ J mice. GVH responses were demonstrated by the. en- 
hr^omentof the draining popliteal lymph nodes in recipient 
mice. The lymph nodes of recipient mice increased signifi- 
cantly hy day 2 and continued to increase in size with time. 
Tho dogiw of the local GVH response was measured by 
weighing tKc draining popliteal lymph nodea. The lymph 
nodes of lepoxalm-trcatod mice did enlarge on day 2 but did 
net ehnnpc significantly later on. After 7 days of the local 
GVH rc^ponne, lyntph nodoa from tepoxal in-treated mice 
were ftli^hlly hyperplastic but were si^nifteantly Ie^s so than 
that of the untreated controls (Fitf. GVH responses in 
mice administered tcpoxalin orally at 12-50 mp/kg/day were 
i educed by about 40% of that in tho pciait.We control group. 
Goasiyicnl with the findings in niico, topoxalin was also 
effective in mts, uith a 30% suppression of this local GVII 
rc-sponso ut 12 mg/kg/day (data not .shown). The immunosup- 
pressivG a^ent CsA adminiatorcd sxihrutaneousiy to mice at 
CO and 75 mc/k^Alay was shown to huppro.^ GVH response 
hy <i%% and 7]%, respectively (Yig. 3H). The results .suggest 
Ih.nt the immunosuppressive effect of topoxalin at 12 mg/kg/ 
day is comparable to that of CsA at 60 mfc/kg/day. To a^se^s 
xvhclhcT the inhibitory effect of frpoxnlin on GVII responses 
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FfGUlttt 2. Additive inhibitory effecU of Upoxnlin cad CsA in Mf.R 
proIifp.rat.ionA, Proliferation of C57BI/6J mouse aple^n cells afUr S 
days stimulation with irrodiftUd BGDZFx spleen cells in medium 
contnining tcpoxaiin Jit O.fi pM, 1 iM t and 2 /xM plus varying con- 
eciitrulioiiH of CfiA was assayed a.R deecribed in Materials and Meth- 
ods. The proliferative response in culture* containing no dru^s was 
80,000 cpnv. 

could be obtained with other CO or LO inhibitors, naproxen 
and ?,ikuton were again tosted in GVH assays. No inhibition 
was seen with zi teuton, naproxen, or a comhx nation of the two 
compounds (Fig. 3C). 

Since tapoxalin appears to act late in MT-R assays, the 
effect of tcpoxahn administered early and late in GVH re- 
sponses was also studied. Similar lo the findings in MLR 
proliferations, tcpoxalin given to mice for a minimum of 3 
day.i was sufficient to suppress GVH responses to an extent 
similar to those treated with tcpoxalin throughout the 7-day 
course of the GVTt response (Fig. 4)- This short treatment 
with tcpoxalin could be at the early (day -1 to day 1 or 4) or 
the late (day 4 to day G) stage of the GVH response. The 
inhibitory effect of tcpoxalin at the lato stage 6f immune 
responses suggests its mechanism of action to be different 
from that of CsA. The possible synergism in immunosuppres- 
sion by tcpoxalin and CsA was therefore studied in GVH 
assays. A much stronger suppression of tho GVil response 
wa3 indeed found in mice treated with both tepoxalin and 
CbA rather than those treated with either ono of the two 
drugs (Fig. 0). This synergistic effect was particularly signif- 
icant when a low dose of tepoxalin (G mg/kg/day) was com- 
bined with CsA 

Prolongation of skin allograft survival by tcpoxalin. The 
time course of skin allograft rejection in mice is affected hy 
the efficiency of the following two mechanisms: (1) the acti- 
vation of T cells through recognition of specific alloantigens, 
and (2) the effector mechanisms mediating tissue distraction. 
To study the effect of tepoxalin on skin allograft survival, 
experimental allograft, rejection was performed hy grafting 
allogeneic MLB/cByJ (H-2 lj ) mouse tail-skin onto C3H/HeJ 
(IM*) recipient mice, For the first G days after transplanta- 
tion, allografts appeared normal and their gross appearance 
was not different from that of syngeneic grafts. The rejection 
process became apparent by day 6, with signs of swelling ond 
erythema, and quickly culminated into complete graft necro- 
sis. Different doses of tcpoxalin were tested in skin graft 
rejection assays. As shown in Figure 6, rejection of allografts 
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FlCUtt 4. Effective suppression of mou*. GVH response by ? Wt 

troHlmanta with UpwaVin. Tho GVli response was induced by mjvC- 

So^rfSwi ^e«i edU into the fbotpsde of BGB2F,/J micu and 

IZ measured by weeing the draining '^^^^dTS 2 

Miteriofa AMM,. Mice inject*! with sal inc • 

cells were ur-cd as native consols. Tcpowlm (25 m^K • «^ 

ministered ornlly to mice at different time schcdulos aa ohown. GVH . 

" "poS in mice treats wHh vehicle (O.Ste mcthytellu 

uJd as positive control.. Five mice were used per croup. The column 

bars represent the standard errors. 



GO mgyVfl 
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CO mgfKo 



FhJiiPK a. Suppression of GVII responses by trr««alin. A local GVU 

S?Sil 5.«5n- into footpmU of MMF/J mice, and wa* 
ffMftnrad l>y weighiAe the drmmntf lymph nodes as described in 
iin!*riaU end Urthodt. Mice iajwien with tal.ne were used as 
r^Uve control*. Drugs were eJvur, to mice torn cl,.y -1 to day 6 of 
the GVII re*ponac (A) GVII nmpoun in wic* udm.mstereo flWor- 
cat do,es of tepwrfia or vehicle conlr«l (0.0% ™th y kdluloae) 
orally. T«n mice were used por group. The whin- from imco tierted 
villi tqxunlin lit 12. 25, and 50 mflWday *ra »*iuficar,tly d^r,nt 
from tho vehido control group (Ounnell* U*U. Similar ^«*« c 
ebMiMd fr»m more than threw repealed wiwniuenl*. (W GVH re- 
^ w in .ulec given ChA (50 and 75 mijM or vehicle control 
fcMiiw) auhcutuncouriy. Kve wicc were wed per croup. (CI GV t 
»W0mh» in mica givin napro.cn, jil^K or lUc combmnUor, l of the 
tw. dn> fiS .it BO me/Wdfty orally. Mieo a.n whielo conUola for 

mL; for .neutoA, they wer* tre.U-d wilb 50* polyethylene C W 
200' and for tfw cnmbinatiM of drug., they were treotrd v»* ^ 
O.f.4 .MOlhyleellulosc and 50% polyethylene plycol 200 rrv* rmet 
were used r*r croup. The column bw rcpruseiU the standard errors. 
A-.trrri«liH indicate a /' vsluo of ^0.05. 

in lb« pJaccbo-trwled group started on dfly 7- About 50% of 
Ihr olk^-afls in the placebo Rroup wore rejected on day 10. 
TVpowilm nt doees of 12.R and 25 m^Mny did not have a 
ri^niflcanl effect in prolonging j.rraft i i-jcclion. When tepowt- 
lin at 60 mg/ky/aay was adminwl*rt(l to mice, a ngn.ricant 
prolonnatioa of skin graft rejection wn* observed, lbo me- 
Ln Buivival tirno of akin grofte, defined as the Uma po,nt at 
which 60% of the grafU arc rejected, was 10.fi days in the 
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Figijiie 5. Synerpatic suppression of mouse GVTI mponbcs Ly Up 
oxrtn and CbA. The GVII response was induw.d by injection of 
SrrS/BJ spleen celh, into the footpad, of DCD2f\/J trace and «u 
me.«ured by v/cifjMnf; *. drainine lymph node, « « 
Matcriar* WeiAoA. Mice were treoud w.U» ^ a0 
tepoxalin (6 or 12 m,i/k C ) *lone, or the eomb.na«on of tor*** hn (S or 
W m^kg) and OA (50 ms/ktf. Mi« injected with spleen c.11, and 
treated with vehicle wore uacd os positive control. Mice injected 
with snKno instead of spleen cells wen. u«od ncgat.vc controK 
Twenty mice were umd per group. The column btri r^mcnt the 
Standard error,. AsteiisltS indicate . P vuluc of <0.0o. S.ni.W re- 
aulu were obtained from repeated experiment?. 

placebo-tronted gro U p and was 15.0 days for the group of 
mice treated with teponlin at 60 mg/kg/day (?-0.0o). l ur^ 
th«rmo«. a combination of t.po^ia and C«A . zt \*« Jm. 
ahowAd a drimalic prolowjaUon of allogeneic skin grail re 
JcSfon (Fig:. 7). About 52% of the mice treated daily tnth 
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KjOUJiK G. Prolongation of fckm Graft reaction* by te.niraalin. HALB/ 
cB/J mouse toil skin whs ^raOftcl onto the tail of C31I/HgJ mice and 
rrjaoLiotj of the ginflwl tkia w« aeorfc<I ae described i!iMa6e«a/» 
Afrihsdh Different doses of topoxalin were* administered orally to 
OMTI/ITrJ rcciptent mice the dny Mare nnd after skin transplanta- 
tion, and Uien daily until akin tfralU were rejected. Mice given the 
vehicle (0.5% mcthylccllulofic) orally were wed as controls. About 
ten mice wcw used per group. Data prownlcd ware Uk«n from onu 
of Uiu thrr« rcpedUid experiments. IteauKs obtained from all three 
^prriments were .similar. Prolongation of sVm rejection in mice 
l wuu*d with LcpcuuiUn 50 mg/kff via* significant (T<Q.05, Dunnelt's 
ft. 
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fcV^unr, 7. Enhanced prolongation of allo^noic skin ^ralt rejection 
by topoxnHn and CsA. BALB/ctiyJ uiousc tail skin was crafted onto 
the tail of CMt/H<\J mice as doscribod in Materials and Method*. 
Tepcwalin (12.5 mp^) alomi, CsA (50 my/kg) alone, or topoxalm 
112.5 mr/kr) plus OflA (50 rorAffl wcr0 administered to C3II/I1&I 
mice tlu: day before and lifter akin tranftpUii cation, and then daily 
u:iUI skin rrofts were rejected. Tepoxnlm was Rivoa orally and CkA 
w;i9 given *ubcuUuoously. For recipient mice with eltin grafts sur- 
viving for m«v« than 40 days, dnir; ftdminisf rhtion w*5 discontimied 
from day 40, &t» sbiswn by arrows. About imi mice wcro used per 
grouj>. Enhanced prolongation cf akin rejection w»a also observed for 
thy coiTil-jiftation of Upoxalia (25 tnqM and G;A (GO nig/kg) (data not 



tcpoxalin (12.6 mtf/kg/day) and CsA (50 mg/kg/day) retained 
tlic Allogeneic akin grafts on day 40 after transplantation. To 
dctcrmino whother irmnunn tolerance to .skin grafts is gener- 
ated by the combined drug treatment, drug dosing was dis- 
continued after day 40 of transplantation. Skin graft rejec- 
tion was noticeable On day IS and nil the grotta were rejected 



on day 24 after drug cessation (Fig. 7). The results surest 
that the combination of tcpoxalin ond CsA potentiates the 
imiounftfiupprcfisivo effect, but does not induce immunotol- 
er^nco to the gfrftfts. 



DISCUSSION 

In this report, we demonstrate that tepoxalinis effective in 
suppressing the immune responses in murine modote of GVH 
reaction and allogeneic skin graft rejection. Una immunosup- 
pressive activity is not seen with other inhibitors of CO or 

LO. , u 

To study the mechanism of immunosuppression by tepoxa- 

1m, we used the in vitro mixed lymphocyte roaction, which 
inoafturep the proliferative response of parenUl slrain 
C57BL/6J spleen cella when stimulated by B6D2Px/J spleen 
cells. Tcpoxalin inhibited the alloantigcn-d riven proliferative 
response in a dosc-related manner with an IC C0 of 1.3 /iM 
and a complete inhibition at5/iMA similar inhibition was 
seen with CsA. which had on JC M of approximately 22 nM 
and a complete inhibition at about 200 nM. However, there 
were differences in the kinetics of the inhibitions seen with 
the two compounds. Tcpoxalin exerted the same d*grco of , 
inhibition if added any time up to 72 hr nftor the sct-u? or 
MLR cultures, CsA was only inhibitory if added at the initi- 
ation of the MLR cultures. IL-2 production by T cells occurs 
early following activation, reaching peak levels by 24 hr of 
culture (18, 19), CsA has been known for its inhibitory effect 
on 11-2 production (7, 20, 21) and ia therefore expected to 
affect T cells during the first 24 hr of activation. The fact that 
tcpoxalin inhibits proliferation late in MLR assays autfpsts 
its inhibition of later events in T cell activation. One possi- 
bility is that the lL-2-mediated signal transduction pathway 
is affected by tcpoxalin, wjhich has boon shown on human 
lymphocytes in our previous report (13). 

GVH difioasc is a common problem in bone marruw trans- 
plantation that leads to frequent morbidity and mortality 
(22). Skin grate trigger strong immune responses and have 
been one of the most difficult grafts in transplantation (31 
The immunosuppressive activity of tcpoxalin was demon- 
straUd in murine models of GVH responses and allogenic 
skin graft rejections. Tepoxalin was found to inhibit OVI1 
responses at 12 mBfcgWay and to P™long skin graft rejec- 
tions at 50 mf?/kg/day. The possibility that tcpoxalin Mocks a 
later event in immune response is again implicated by its 
suppression of GVH reaction oven when, it wae administered 
to mice 4 days after the initiation of the response. 

Tcpoxalin is known to ho a dual CO and LO inhibitor with 
potent antiinflammatory effects (10). One of the obvious 
questions to ask is whether its immunosuppression is due to 
the inhibition of tbo. CO or LO enzymes. The involvement of 
CO and LO in the modulation of immune responses remains 
controversial. Arachidonic acid matobolitcfi produced by 
these enzymes, such as prostaglandins and leukotrienes, 
have many biological activities, including the modulation of 
inflammation and immune response (23-29). Indeed several 
inhibitors of LO have been shown to prolong graft rejection in 
transplantation (30^33). However, it was noticed that those 
LO inhibitors with immunosuppression activity arc also po- 
tent antioxidant* with inhibitory effects on NFkB activity 
(M, 35). Therefore the immunorcgulatory cficcts of these 
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™rrwAPY WITH INTERLEUKIN-4 AND INTERLEUKIN- 

Analysis of Cytokine MBNA «»•>«« w ™* a**"* 
Alex ^mov, , enr- W»» U *~^™£Ztt2Sff*^ 



tw (MW te pancreatic iftlet flwfu in nonobese dia- 
bc'uTSSn mice elicit a ceWdrnted »^m»n« 
ripens* that destroy* the Mwulin-producinR cells m 
\hX\ct praft. and I WO ore cytok .ncs that inhibit 
S5 n cdfated Immunity. I* «»U -tudy. ™ 

; Sfcot, or IW and IWO on the survival of *yngc- 
rdc pancreatic islcU transplanted into ***f*"™ 
SKftrlfts survived beyond 18 days *» d ™™°- 
3iw* ™- nxamlaincd in *7* < 10 of 15) of mice 
tinted with IW IWO »™ c J °{ $ $ 

vehicle injected (control) mioo. Also, 4Wk <G of 15) ol 

ecwle .it SO days after t« nnplantotawM °™£ r gX f 
14% (1 of 7) of the mice wonted with U --4 NO"* »* Jf ° 
13 of the mice treated with IWO alone, and none (0 of 
S of tho control mice. HisloUtfeal e^mmatxon of 
fXhl at 10 days after transplantation revealed pen- 
SS^-taUon. of mononuclear leu fcjjt « «jd 
intact islet (i cclla in fviifts from IW plt>» 

•Thi, work wa* «»pi*ricd by * KAote. Inl " 4 ^^7 
f ~,rd Proi »n. grunt rortl tho Juvenile ttlaUU-a 1- onnoatau Inter- 

^ Adt«, corresponds to: Al« P-Wnovitck, M.1) nep.rtmonL 
«T tefltit* «H> lW Medical K^on* > O ntro. Unwenu* of 

AUwrU. Edmonton* Alberta, Canada, T6G Zb*.. 
4 DeparUncnt of Medicine. 
3 Dcpac LmcuL or bnmvft^ocy. 

' Deparlnttftb of l.flboratcry Mc<Ucinc and IMlholocy. 
»T>oimrhm*it ftf Surgory. 



treated mice, whcrea S islets were infiltrated b, r tadco- 

were slcnificanUy decreased m iprafts of IW P 1u * 
roIfrX «ice compared with either nomogiyc*m« 
or SSc control mice. Those results •uffi"'*" 4 2 l 
(TM\ cells and their cytokine products (U.-2, 
?FNv «Sd 85- may promote islet 0 cell destruct.ve 
LuUti^ and 1 autoimmune diabetes recurrence in «ya- 
^" 3 Luran SP la i; ted NOD ^J^^S: 
istrutlon of plus H.-10 may inhibit diabetes ret or 
renSe by wppreWinR Thl cytokine product.ou m the 
islet grafts. 

Tnsulin-dopcndcnt diabetes mellitu* (IDDM)* t*£» turn 
de«l ruction of the insnlin-prodncinB p»narenl.c iJct p c lis 

what may initiate this autoimmune response gainst »kt 0 
3S S2e is abu ndant evirlence that IDDM is T cll-dc^n- 
SfT ? However, it U uneleer vrhich T cells arc involved 
™a£ttlyZ?£** to islet p coll destnvction. A vanety of 
n^Ln^tory cells ^^f^^t 
and eonslilote tho insulitis lesion .(3,4 ) ^ "0^ 

human patient* with IDDM (5-8) and in anun. Js w. * s on 
Lneous IDDM roscrabling the human -J"^'* n ^ *^ 
diabetic (NOD) mouse and the biobreedmc IBB) rat U^-> 
thatS ft cell deduction may involve heterogeneous elfte- 



.Ahhn.vialiow: BB. Biohrcedinp CPA. compl *> 
diabetic; rCK, polymerase chain ruction; Th. T hcipor. 



